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TITLE OF THE INVENTION 



COMPOSITE HAVING TWO OR MORE 
LAYERS, INCLUDING AN EVOH LAYER 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates to a composite having two or more layers and including a 
barrier layer made from EVOH, and also including a layer made from a molding composition 
which includes a polyamide blend The invention further relates to a molding composition of 
10 this type which inoludes a polyamide copolymer. 

DISCUSSION OF THE BACKGROUND 

When, oomposites having two or more layers are developed, for example, for use as a 
tube for carrying liquid or gaseous media in motor vehicles, the molding compositions must 
have sufficient chemical resistance to the media to be earned, and the tubes must meet all the 

15 mechanical requirements placed upon them, even after long exposure to fbela, oils or heat In 
addition to meeting the requirement for adequate fuel resistance, the automotive industry 
demands improved barrier action from fuel piping, in order to reduce emissions of 
hydrocarbons within die environment This has led to the development of tube systems 
having two or more layers, for example using EVOH as barrier layer material. However, 

20 EVOH is incompatible with PAI 1, PA12, PA612, PA1012 and PA1212, which can be used 
for the outer layer since they have good mechanical properties, good water absorption 
performance, and low susceptibility to environmental effects. It is therefore impossible to 
obtain the adhesion between the two layers that is indispensable for the application. 

However, EVOH is compatible with PAfi, PA66, PA676<5, and with maleic-anhydride- 

25 functionalized polyolefins. Molding compositions based on polymers of this type are, 
however, unsuitable as outer layer material 

DE-C 40 01 125 describes a motor vehicle pipeline composed of a tubular outer layer 
made from PAU or PA12, an intermediate layer made from PAS, a barrier layer made from 
EVOH, and an inner layer made from PA6. A thin adhesion-promoter layer made from 
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polyethylene or polypropylene, these being functionalized with maleic anhydride is arranged 
between the outer layer and the intermediate layer. 

A similar system is described in DE-C 40 01 126, where the motor vehicle pipeline is 
composed of a tubular outer layer made from PA1 1 or PA12, of a barrier layer made from 
5 BVOH, and of an adhesion-promoter layer situated between these and made from 
polyethylene or polypropylene, these being maleic-anhydhide-functionalizcd. 

However, the automotive industry has for some time required increased stability at 
relatively high temperature. This excludes solutions which include a polyolefin layer, since 
these have low heat resistance. 
10 It has also been found that prolonged contact with aqueous liquids or alcohol- 

containing fuel, in particular with heat rapidly reduces the layer adhesion between 
ftmotionalLzed polyolefin and polyamide, and this adhesion finally fialls to values which are 
unacceptable in industry. The cause of lhis is thought to be aliooholysis or hydrolysis 
reactions. 

l 5 SUMMARY OF THE INVENTION 

One object of the present invention ie to provide a composite having two or more 
layers in which all of the layers of the composite have adequate heat resistance 

Another object of the present invention is to provide a composite having two or more 
layers, which includes an BVOH barrier layer, and in which the layers have adequate heat 
20 resistance. 

Another object of the present invention is to 7 j achieve secure bonding of 

an BVOH barrier layer to a layer composed of a molding composition based on PA1 1, PA12, 
FA612, PA1 012 or PA1212, without any use of a polyolefin layer as an adhesion promoter, 

Another object of the present invention is to provide a composite having two or more 
25 layers, which includes an EVOH layer, and in which fixe layer; adhesion in the composite is 

substantially retained even after prolonged contact with alcohol-containing or aqueous media, 
with heat 

These and other objects have been achieved with Ac present invention, the first 
embodiment of which provides a layered composite, which includes the following layers: 
30 (1) a layer I composition including: 

(a) from 0 to 80 parts by weight of at least one polyanride selected 
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from the group including PA6 J( PAt56, PA6766 and mixtures 
thereof; 

(b) fern 0 to 100 parts by weight of at least one polyamine- 

polyaraide copolymer that includes tho following monomer 
5 uqits: 

(a) firom 0.5 to 25% by weight, baaed on the weight of the 
polyamitie-pojyamide copolymer, of at least one 
polyamine having at least 4 nitrogen atoms and having 
a number-average molar mass of at least 146 g/mol, 
10 and 

O) at least one polyajrade-forming monomer selected from 
toe group including lactam, ro-aminocarboxylic acid, 
equimolar combination of diamine and tricarboxylic 
acid, and mixtures thereof and 
15 (c) from 0 to 80 parts by weight of it least one polyanmje selected 

firom the group including PA1 1,PA12, PA612, PA1012, 
PA1212 and mixtures thereof; 

wherein, in the layer I, a total of the ports by weight of (a), (b) 
and (c) is 100; 

20 Wherein within an entirety of (a), and (b), at least 20 parts by 

weight of the entirety include monomer Units selected from the group 
including caprolactara, combination of hexamethylenediamine/adipic 
acid, and mixtures thereof; and 

wherein within an entirety of (b>and (c). at least 20 parts by 
25 weight of the entirety include monomer units selected from the group 

including ofr-arm'noundecanoic acid, laurolactam, combination of 
hexamethylenediamine/l 9 I2^dodecanedibic acid, combination of 1,10- 
decanediamine/l J 12-dodecanedioic acid, combination of 1,12- 
dU5decanediairune/l J2-dodecanedioic acid, and mixtures thereof, and 
30 (H) a layer n composition which includes at least one ethylene-vinyl 

alcohol copolymer. 

Another embodiment of the present invention provides a method for preparing the 
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above-mentioned composite, which includes at least one selected from the group including 
multicomponent injection molding, cocxtrusion, and coextrusion blow molding at least one 
of the layers I, II, or both. 

Another embodiment of the present invention provides a molding composition, which 
includes the following components; 

(a) from 0 to 80 pans by weight of at least one polyamide selected from 
the group including PA6, PA66, PA6/66 and mixtures thereof, 

(b) from 0.5 to 100 parts by weight of at least one polyamine-polyamide 
copolymer which includes the following monomer units : 

(a) from 0.5 to 25% by weight, based on the weight of the 

polyamine-polyamide copolymer, of at least one polyamine 
haying at least 4 nitrogen atoms and having a. number-average 
molar mass M,, of at least 146 g/mol, and 

(P) at least one polyamide-forming monomer selected from the 
group including lactam, ©-amiriocaiboxylic acid, equimolar 
combination of diamine and dicarboxylic acid, and mixtures 
thereof; and 

(c) from 0 to 80 parts by weight of at least one polyamide selected from 
the group including PA1 1, PA12, PA612, PA1012, PA1212 and 
mixtures thereof; 

wherein, a total of the parts by weight of (a), (b) and (c) 100; 

wherein within an entirety of (a) and (b), at least 20 parts by 
weight of the entirety include monomer units selected from the group 
including caprolactan^ combination of hexamethylenediamine/adipio 
acid, and mixtures thereof; and 

wherein within an entirety of (b) and (c), at least 20 parts by 
weight of the entirety include monomer unite selected from the group 
including o-aminoundecanoic acid, laurolactam, combination of 
hexamethyleijediamine/l,12-dodecanedioic acid, combination of 1,10- 
decanediamine/1 ,12-dodecanedioic acid, combination of 1,12- 
dodecanediamine/l,12-dodeoanedioic acid, and mixtures thereof, 
Another embodiment of the present invention provides a molding composition, which 



includes the following components: 

(a) from 0 to 80 parts by weight of at least one polyamidc selected from 
the group including PA6, PA66, PA6/66 and mixtures thereof; 

(b) from 0 to 100 parts by weight of at least one polyamine-polyamide 
copolymer whioh includes the following monomer unite; 

(a) fiom 0,5 to 25% by weight, based on the polyaniiiie-polyamide 
copolymer, of a polyamine having at least 4 nitrogen atoms and 
having a number-average molar mass H, of at least 146 g/mol, 
and 

(P) at least one polyamide-forming monomer selected from the 
group including lactam, o-aminocarboxylic acid, equimolar 
combination of diamine and dicarboxylic acid, and mixtures 
thereof* and 

(c) from 0 to 80 parts by weight of at least one polyarnide selected from 
the group including PA1 1, PA12, PAfil2, PA1012, PA1212 and 
mixtures thereof; 

wherein a total of the parts by weight of (a), (b) and (c) is 100; 

Wherein within an entirety of (a) and (b), at least 20 parts by weight of 
the entirety include monomer units selected from the group including 
caprolactem, combination of hexametbylenediamine/adipic acid, and mixture^ 
thereof; 

wherein within an entirety of (b) and (c). at least 20 parts by weight of 
the entirety include monomer units selected from the group including 
o-aminotmdecanoic acid, laurolactam, combination of 
hexamethylenediamine/l,12''dodccanedioic acid, combination of l>IO- 
decart£diaminc/l,12-dodecanedioic acid, combination of 1,12- 
dodecanediamme/l, 12-dodecangdioic acid, and mixtures thereof; and 

wherein the molding composition includes at least one block 
copolymer which includes (a) and (c) monomer units. 
Another embodiment of the present invention provides a tubular article selected from 
the group including fuel pipe, brake-fluid pipe, coolant pipe, hydraulic-fluid pipe, fuel-pump 
pipe, aiisconditioner pipe, and a vapor line, which includes one or more of the above- 



mentioned composites and/or compositions. 

Another embodiment of the present invention provides an article selected from the 
group including a container, fUel container, filler pipe, and filler pipe for a tank, which 
includes one or more of the above-mentioned composites and/or compositions. 

Another embodiment of the present invention provides a film, which includes one or 
more of the above-mentioned composites and/or compositions. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Various other objects, features and attendant advantages of the present invention will 
be more ftilly appreciated as the same becomes better understood from the following detailed 
description of the preferred embodiments of the invention. 

Preferably, the present invention provides a composite having two or more layers and 
including the following layers: 

L a layer I made from a molding composition which includes the following 
component*:: 

a) from 0 to 80 parts by weight of a polyamide selected from PA6, PA66, 
PA6/66 and mixtures of these, 

b) from 0 to 100 parts by weight of a polyamine-polyamtde copolymer 
and 

c) from 0 to 80 parts by weight of a polyamide selected from PAl 1. 
PA12, PA612, PA1012, PA1212 and mixtures of these, where the total 
of the pans by weight of components a), b) and c) is 100, and where in 
addition 

Within the entirety of components a) and b), at least 20 parts by weight 
are composed of monomer units which derive from caprolactana and/or 
from the combination bexamBthylenediamine/adipic acid, and 
within the entirely of components b) and o), at least 20 parts by weight 
are composed of monomer units which derive from oa- 
aminnundeeanoie acid, laurolactarn, the combination 
hexamethylenediamine/l,12-dodecanedioic acid, the combination 
1,10-decanediamine/l, 12-dodecancdioxb acid, and/or the combination 
1 , 12-dodcoanediamine/l , 12-dodecanediolo acid, and 



II. a layer II made from a molding imposition which includes an ethylene- vinyl alcohol 
copolymer (EVOH). 

The term, "PA" wed herein is known in the art and is interchangeable with the term, 
"nylon". 

Preferably, the layered composite of the present invention does not include a 
polyolefin layer as an adhesion promoter. 

The molding composition of layer I preferably includes at least 0.5 part by weight, 
particularly preferably at least 1 0 parts by weight, with particular preference at least 20 parts 
by weight, and very particularly preferably at least 30 parts by weight, of component a), the 
upper limit preferably being 70 parts by weight, and particularly preferably 60 parts by 
weight. These ranges include all values and subranges therebetween^ including 0.9, 1, 2, 5, 
1 5, 25, 35, 45, 55 9 65 s 67, and 69 parts by weight. 

The molding composition of layer I preferably includes at least 0.5 part by weight, 
particularly preferably at least 2 parts by weight, with particular preference at least 5 parts by 
weight and very particularly preferably at least 10 parts by weight, of component b), the 
upper limit preferably being 80 parts by weight, and particularly preferably 60 parts by 
weight, with particular preference 40 parts by weight. The corresponding molding 
compositions are likewise provided by the invention. These range? include all values and 
subranges therebetween, including 0.9, 1, 3, 4, 6, 15, 25. 35, 45, 55, 65, 75, 77 and 79 parts 
by weight. 

The molding composition of layer I preferably includes at least 0.5 part by weight, 
particularly preferably at least 10 parts by weight, with particular preference at least 20 parts 
by weight, and very particularly preferably at least 30 parts by weight, of component a), the 
upper limit preferably being 70 part? by weigiht, and particularly preferably 60 parts by 
weight These ranges include all values and subranges therebetween, including 0,9, 1, 2, 5, 
15, 25, 35, 45, 55, 65, 67, and 69 parts by weight 

In a preferred first embodiment, the composite having two or more layers is. 
composed of these two layers, I and II. 

In another preferred, second, embodiment a layer made from a molding composition 
based on PAll. PA12, PA612, PA1012, and/or PA1212 is adjacent to layer I. 

In a third preferred embodiment there is a layer made from a molding composition 
ba$ed on. PA6, PA66, and/or PA6/66 between layer I and layer IL On the other side of the 



composite, i,e. adjacent to the layer II, there may, if desired^ be one or more layers made 
from any desired molding composition which adheres to EL 

In a fourth preferred embodiment there is again a layer I on the other side of the 
composite. Another layer may also follow, made from a molding composition based on 
5 PA11, PA12 3 PA612,PA1012, an<3/or PA1212. Mixtures are possible. 

In a fifth preferred embodiment there is a layer made from a molding composition 
based on PA6. PA66, and/or PA6/66 on the other side of die composite, Lc. adjacent to the 
layer n. 

In a sixth preferred embodiment at least one of the layers of the composite has been 
10 rendered electrically conductive in order to dissipate electrostatic charges generated by a 
moving medium. This is preferably the layer directly in contact with the moving medium. % 

In a seventh preferred embodiment there is another layer which has been rendered 
electrically conductive, firmly adhering to the layers of the composite. 

In an eighth preferred embodiment the composite haying two or more layers also 
15 include? a regrind layer. When composites of the invention are produced, waste constantly 
arises, for example from the start-up procedure on die extrusion plant, or in the form of flash 
during extrusion blow molding, or during finishing processes on tubes. There may be a 
regrind layer made from these wastes embedded, for example, between layer I and an outer 
layer made from a molding composition based on PAI 1, PA12, PA612, PA10I2 or PA12I2. 
20 Mixtures are possible. It is preferable in principle for the regrind layer to be embedded 

between two layers composed of molding compositions based on polyamide, since this can 
compensate for any possible brittJcncss of the regrind blend, 

These and other embodiments may be combined with one another in any desired 
manner. 

25 Some preferred layer configurations are listed below by way of example, and are not 

meant to be limiting unless otherwise specified* 



Configuration 



Layer sequence 



1 

2 



a) layer I 

b) layerl! 



a) layer made from a molding composition based on iPAl 1 f PA12, 
PA6I2, PA1Q12, and/or PA1212 

b) layerl 
o) layer H 



a) layer made from a molding composition based on PAl 1, PA 12, 
PA612, PA1012, and/or PA1212 

b) layerl 

g) layer made from a molding composition based on PA6, PA66, and/or 

PA6/66 | 
d) layer n | 



a) layer made from a molding composition based on PAl 1 3 PAl 2, 
PA612, PA1012, aodfor PA1212 

b) layerl 

c) layer II 

d) layer made from a molding corqposition based on PAS, PA6G, and/or 
PA6/66 



i 



a) layerl 

b) layerU 

c) layer! 



a) layer made from a molding composition based on PAl 1, PA 1 2 a 
PA612, PA1012, and/or PA1212 | 

b) layerl j 

c) layerU j 

d) layer! j 



a) layer made from a molding composition based on #A1 1, PA12, 
PA612,PA1012, and/or PA1212 j 

b) layerl I 

c) layer II j 

d) layerl j 

e) layer made from a molding composition based on PAl 1,PA12, 
PA612, PA1012, aad/orPA12l2 | 




a) layer made from a molding composition based on PA1 1 9 PA12 ? 
PA612.PA10I2, and/or PAI212 

b) regrind layer 

c) layer I 

d) layer II 

e) layer made from a molding composition based on ! 
PA6/66 



a) layer made from a molding composition based on PA1 1. PA12, 
PA612, PA1012, and/or PA1212. 

b) layer I 
C) layer II 

d) layer made from a molding composition based on PA6, PA66, and/or 
FA6/66 

e) regrind layer 

f) layer made from a molding composition based onj: 
PA6/66 



PAS^Aee, and/or 



PA6, PA66, and/or 



Firm layer adhesion is achieved in all of these cases. 

If die composite having two or more layers is a hollow article or hollow profile, it is 
preferable for the arrangement to have layer II inside a layer L 

In the simplest case* layer lis a blend made from components a) and c). Since these 
polymers are substantially incompatible with one another, preparation of the blend at 
conventional processing temperatures which gives a physical mixture only gives adequate 
compatibilization in a relatively narrow compositional range. Better resuli s are obtained if 
the polyamide blend is prepared under conditions under which the two pofyarnidee react with 
one another to some extent via the terminal groups or via trans amidation reactions, to give 
block copolymers. Hie temperatures needed for this are generally above 250°Q preferably 
above 280°C, and particularly preferably above 300°C, and the presence of catalysts, such as 
hypophosphorous acid, dibutyltin oxide, triphenylphosphine;, or phosphoric acid, is required 
where appropriate. It is also possible to start from a polyamide blend initially prepared under 
conventional processing conditions and then subject this to solid-phase postcondensation 
under conditions usual for polyamides, generally at temperature* of from l40°C to about S K 



below the crystalline melting point T w> preferably at tempgjratures of frclm 1 50°C to about ; 1 0 
below T ro< using reaction times of from 2 to 48 hours, preferably from 4 to 36 hours, and 
particularly preferably from 6 to 24 hours. It is particularly advantageous for one of the 
polyamide8 to contain an excess of amino end groups for the other polyamide to contain 



ti 



-10- 



an excess of carboxyl end groups. Finally, components a) arid c) may also be linked by 
adding a reactive compound which preferably links the polyamide end group? to one another, 
for example a bisoxazolinc, biscarbodiiToide, bisanhytfride, diisocyanate, or coirespouding 
compounds having three or more functional groups. 
5 Another preferable way of making components a) and c) compatible with one another 

is to add an effective amount of con^jonent b). 

P A6 is prepared by ring-opening polymerisation of caprolactam. 
PA66 is prepared by polycondensation of hexaraethylenediamine and adipic acid. 
Exactly as with PA<5, there is a wide variety of commercially available grades. 
1 0 PA6/56 is a copolyccmdensale baaed on the monomers caprolactam, 

hcxamethylendiamine, and adipic acid. 

The polyaminc-poiyamidc copolymer is prepared using the following monomers: 
a) from 0.5 to 25% by weight, preferably from 1 to 20% by weight, and 

particularly preferably from 1 .5 to 16% by weight, based on the polyamine- 
1 5 polyamide copolymer, of a polyamine having at least 4, preferably at least 8, 

and particularly preferably at least 1 1 , nitrogen atoms and having a number- 
average molar maps M„ of at least 146 g^mol, preferably at least 500 g/mol, 
and particularly preferably at least 800 g/mol, ;and 
b) polyanude-fbrming monomers selected from lactams, co-aminocarboxylic 
20 acids, and/or equi molar combinations of diamine and dicarboxylic acid. 

Hie ranges given aboye for (a) each independently include all values and subranges 
therebetween, including 0.9, 2, 3, 4, 5, 10, 15, 17, 22 and 24% by weight, based on the 
polyamine-polyamide copolymer, of fee polyamine; 5, 6, 7, 9, 10, 12, 14, and 16 nitrogen 
atoms; and 147, 148, 150, 200, 225, 250, 300, 400, 525, 600, 700, 900, and 1000 g/mol. 
25 In one preferred embodiment me amino group concentration in the polyamine- 

polyamide copolymer is intbe range from 100 to 2500 mmol/kg. 

Preferred examples of the classes of substances which may be used as polyamine are; 
polyvinylamincs (Rompp's Chemical Encyclopedia, 9th edition, Volume 6, p- 
492 1, Gears Thieme Veriag Stuttgart 1992); . 

polyamines prepared from alternating polyketofoes (DE-A 1 96 54 058); 
dendrimers, such as 
((H^CH^N^ 
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(DE-A-196 54 179), or 

tris(2-ammoethy])ainmc, 

aminoctbyl)anaino)ethyl> 1 ,2-ethanediamine, 

3 , 15-bis(2.3niinoethyJ>6, 1 2-bis(2-(bis(2-anuBaethyl)amind)ethyl)-9 

(bisC2^is(2-8i^oethyl)amino)etbyl)ainino)eiiiyl)-3,6,9,12^5- 

pentaazaheptadecane- 1 , 1 7-diamiiie (J.M. Waiakonaskj, Ch?m. Mat 1992, 4, 

1000-1004); 

linear polyetbylcneimines which oan be prepared by polym qri iriTig 4,5- 
dmydronl ,3-oxazoIes, followed by hydrolysis !(poubcn-Weyl, Methodeu der 
Organischen Chemie (Methods of Organic Chemistry). Volume E2Q, pp. 
1482-1487, Georg Thieme Veriag Stuttgart, 1987); j 
branched polyemyleneinrines obtainable by polymerizing aziridines (Houben- 
Weyl, Methoden der Oxganischen Chemie (Methods of Organic Chemistry), 
Volume E20 3 pp. 1482-1487, Oeorg Thieme Veriag Stuttgart, 1987) and 
generally having the following distribution of amino groups; 
from 25 to 46% of primary amino groups, 
from 30 to 45% of secondary amino groups, ahd 

from 16 to 40% of tertiary amino groups. The entire contents of each of the 
above-mentioned references are hereby incorporated by reference. | 

In the preferred ca*e, the poly amine has a numbex-avtrage molar mass Mr, of not 
more than 20,000 g/raol, particularly preferably not more than 10,000 g/mol, and with 
particular preference not more than 5,000 g/mol. These ranges include all values and 
subranges therebetween, including 5,500, 7.500, 8,000, 9,000, 11,000. 14,000, 16,000, and 
18,000 g/mol. 

Lactams and, respectively, <o-eiuinocarboxylio aoids which maybe used as 
p olyami de-forming monomers contain from 4 to 19 carbon atoms, in particular from 6 to 12 
carbon atoms. These ranges include all values and subranges ! therebetween i including 5, 7, 8, 
9, 10, 1 1, 13 14, 15, 16, 17 and 18 carbon atoms. Particular preference is given to the use of 
&<aprolactam, s-aminocaproic acid, capryllactam, ©-ammocaprylic acid, laiurolactam, a>- 
aminododecanoic acid, and/or <B-aminoundccanoic acid. Mixtures are possible. 

Preferred examples of combinations of diamine and diicarboxylic acid are 
hexamethylenediamiae/adipic acid, hexamethylcncmamiti o/dodecanedioi c acid, 



octamethylenediamine/sebacic acid, decamethylenedianune/sebacic acid, I 
deoarnetl^lenediamine/dodccaaedioio acid, dodecamethylenedUtnine/dodi acid, 
and dodecamethylcncdiamine^^ acid. Howevcrj, besides these it is 

also possible to use any other combination, such as dcc^mefltylenediamme/dodecanedioic 
acid/terepbthalic acid, bexametbyleaediamine/adipic arid/terepbthalic acid, 
hexamethyJenedismine/adipic acid/caprolactam, decainethyJc^ediamine/dodecanedioic 
addAo-aminoimdecanoic acid, decainetbylenedianiine/dodecanedioic acid/JauroIactam, 
decamethy!enediamine/tea^lithalic acid/laurolactam, or dodecametliylenediaminc/2,6- 
naphthaienodicarboxylic add/lauroiactam. Mixtures are possible, j 

In one preferred embodiment the polyamine-polyarndde copolymer Is prepared with 
the additional use of an oligocarboxylic acid selected among from 0,015 to ^bout 3 mol% of 
dicartoxylic add and from 0.01 to about 2.2 moI% of tricarboxylic acid, baied in each casa 
on the entirety of the poiyamide-fonning monomers left over. When the equivalent 
combination of diamine and dicarboxylic acid is used, calculation of these proportions 
includes each of these monomers individually. If mse is made bf a dicarbox^lic acid, it is 
preferable to use from 0,03 to 2.2 mol%, particularly preferably from 0,05 to 1.5 mol%, very 
particularly preferably from 0.1 to 1 mol%, and in particular from 0. 15 to 0.^5 mol%. If uso 
is made of a tricarboxylic acid, it is preferable to use from 0.02 to 0,9 mol%, particularly 
preferably from 0.025 to 0.6 mol%, very particularly preferably from 0.03 to 0.4 mol%, and 
in particular from 0,04 to 0.25 mol%. The concomitant use of the oligocarbc xylic acid 
markedly improves resistance to solvents and to fuel, in particular resistance to hydrolysis 
and alcoholysis. 

The oligocarboaylic acid used may be any desired di- or tricarboxylic acid having 
from 6 to 24 carbon atoms, for example adipic add, suberic acid, azelaic acic , sebacic scid, 
dodecanedioio acid, isophtbalic acid, 2,6-naphthalenedicatboxylic acid, cycle hexane- 1,4- 
dicarboxyUc acid, trlmesic acid, and/or trixnellitic acid. The above range includes ail values 



and subranges therebetween, including 7, 8, 9, 10, 12, 14, 16, 18, 20, 22 and 23 carbon 
atoms. 

Regulators which may also be used, if desired, are aliphatic, alicyclic. aromatic, 
aralkylic, and/or alkylaiyl-substituted monocarboxylic acids hating from 3 to 50 carbon 
atoms, f Qr example lauric acid, unsatumted fatty acids, acrylic acid, or bcnzoii ; acid. Use of 
these regulators can reduce the concentration of amino groups without altering the form of 
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the molecule. This method can also introduce functional groups, such as double or triple 
bonds, etc. However, It is desirable for the polyamine^polyarrride copolyi ier to have a 
substantial proportion of amino groups. The amino group concentration ir the copolymer is 
preferably in flic range from 1 50 to 1 ,500 mraol/kg, particularly preferably in the range from 
250 to 1,300 mmol/kg, and very particularly preferably in the range from 2|00 to 1,100 
mmol/kg. Here, and below, the temt c< amino groups" includes not only imino end groups, but;; 
also any secondary or tertiary amine functions which may be present in tb£ polyamine, 

The makeup of the polyamide fraction within the polyamine-polyamide copolymer 
may vary within a very wide range, since compatibility with the polyamidejs of components 
a) and c) is usually present, this apparently being determined 1 by other factors. 

The polyamine-polyamide copolymers may be prepared by a variety of processes* 
One way is to charge the polyanude-forming monomers and the polyamine together 
and to cany out the polymerization and, respectively, the polycondensation, The j 
oligocarboxylic acid may be added either at the start or during the course of the reaction. 

However, a preferred process has two stages in which first the lactam cleavage and 
prepolymerization is carried out in the presence of water (an alternative benag the direct use 
and prepolymerizatkm of the corresponding cfr-aminocarbaxylio acids and, respectively, 
diamines and dicarboxylic acids)* The polyamine is metered in the second Ltcp, and the 
oligocarboxylic acid which may be used concomitantly, where appropriate, is metered in 
during or after the prepolymerization. The pressure on the mixture is then reduced at 
temperatures of from 200 to 290°C, and polycondensation takes place in a stream of nitrogen 
or in vacuo. 

Another preferred process is hydrolytie degradation of a polyainide to give a 
prcpolymer and simultaneous or subsequent reaction with the;polyamine, The polyamides 
used are preferably those in which flic end-group difference ijgi approximately zero, or in 
which the oligocarboxylic acid used concomitantly, where appropriate, has previously boon 
incorporated by polycondensation. However, the oligocarboxylic acid may also be added at 
the start of, or during the course of, the degradation reaction. 

Those processes can prepare polyamides with an ultrahigh level of branching and 
with acid values below 40 mmol/kg, preferably below 20 mmol/kg, and particularly 
preferably below 10 mmol/kg. Approximately complete conversion is achieved after as little 
as from one to five hours of reaction time at temperatures of from 200*C to 290*C. 
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If desired, a vacuum phase lasting a number of hours may be appended as another 
step of the process. This phase takes at least four hours, preferably at bast six hours, and 
particularly preferably at least eight hours, at from 200 to 29Cj 6 C. After an induction period 
of a number of hours, an increase in melt viscosity is then observed, and thi s is likely to be 
5 attributable to a reaction of terminal amino groups with one another, with cleavage of 
ammonia and chain-linkage. This further increases the molecular weight, and this is 
particularly advantageous for extrusion molding compositions. 

If there is a desire not to complete the reaction in the melt solid-phase 
postcondensatxon of the polyamine-polyanude copolymer according to knenm methods is 
10 also possible. 

PA1 1 is prepared by polyoondensation of o-aminoumlecanoic aoid, while PA12 is 
obtained by ring-opening polymerisation of laurolaetam. A wide variety of grades of both, of 
these polymers is available commercially. 

PA612 is prepared in a known manner by polyoondensation of an equivalent mixture 
IS of hexamethylenedianrine and 1,12-dodecanedioic acid. For the purposes of the present 
invention, it is preferred when the requirement for heat resistance of the composite haying 
two or more layers is particularly high, e.g., in applications m the engine compartment of 
motor vehicles. j 

PA1012 is prepared by polycondensetion of an equivalent mixture of 1,10- 
20 decanediamine and 1,12-dodecanedioicacid, while PA1212 is obtained in trie same way from 
1, 12-decanediaminB and 1,12-dodecanedioic acid. 

Mixtures of different polyamides may also be used here with advantage, e.g. 
PA12/PA1012 or PA12/FA1212. Mixtures of this type have particularly high low- 
temperature Impact strength. They am described by way of example in EP-A-0 388 583, the 
25 entire contents of which are hereby incorporated by reference. 

Preferably, if the composite having two or more layers is to bo used als packaging for 
food or drink, it may be advantageous to use copolyamides instead of the homopolyamides in 
an outer layer in order to lower the melting point and thus make the layer heat-sealable. A 
Wide selection of suitable comonomers is available to the skilled worker, e.g. caprolactam, 
30 laurolactam, or the equimolar combination of a C^C i2 diamine ; with a Q-C 12 dicarboxylic 
acid 
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The polyamide molding compositions used may include not more than about 50% by 
weight of additives selected from impact-modified rubber and/or from convj&ntional 
auxiliaries and additives. This range includes all values and subranges therebetween, 
including 0, 2, 4, 6, 8, 10, 15, 20, 25, 30, 3S, 40, and 45% by weight 

Impact-modifying robbers for polyamide molding compositions ate known. They 
contain functional groups which stem from unsaturated functional compounds which have 
either been incorporated into the main chain by polymerization or have been grafted onto the 
main chain. The most commonly used are EPM rubber and EPDM rubber, grafted with 
mateic anhydride by a free-radical route. Rubbers of this type; may also be used together with 
an un&nctionalized polyolefin, e.g. isotactic polypropylene, as described in EP-A-0 683 210, 
the entire contents of which are hereby incorporated by reference,. 

The molding compositions may also include relatively small amounts of auxiliaries or 
additives needed for establishing particular properties. Examples of these are plastioizers, 
pigments or fillers, such as carbon black, titanium dioxide, sine sulfide, silicates or 
carbonates, processing aids, such as waxes, zinc stearate or calcium stearate, flame 
retardants, such as magnesium hydroxide, aluminum hydroxide, or mejamine cyanurate, glass 
fibers, antioxidants, UV stabilizers, and also additives which give the product antistatic 
properties or electrical conductivity, e.g. carbon fibers, graphite fibrils, stainl ess steel fibers, 
or conductivity black. Mixtures are possible. 

In a preferred embodiment the molding compositions include from 1 :o 25% by 
weight of plasticizor, particularly preferably from 2 to 20% by weight, and with particular 
preference from 3 to 15% by weight These ranges include all values and subranges 
therebetween, including 5, 6, 9, 10. 12, 14, 16, 19, 22 and 24%:by weight. 

Plastici2ere and their use in polyandries are known. Preferred plasticizers suitable for 
polyamides can be found in Gachter/MOller, KnnrtstofiGadditivc (Plastics Adc itives), C. 
Hanger Verlag, 2nd edition, p. 296. the entire contents of which are hereby incorporated by 
reference. 

Examples of conventional compounds suitable as plaeticizer are esters of 
p-hydroxybenzoic acid having from 2 to 20 carbon atoms in the alcohol component, and 
amides of aiylsulfbnic acids having from 2 to 12 carbon atoms in the amine c jmponent, 
preferably amides of benzenesulfonic acid 

Examples of plasticizers which may be used are ethyl p-iiydroxybenzdate, octyl 
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p-bydroxybenzoate, isobexadecyl p-hydroxybenzoate, N-n-octyltoluencsulfonamidc, 
N-n-butylbenzenesulfonamide, and N-2-ethylhexylbenzenesulfonamide, 

BVOH has been kaowo for a long time. It is a copolymer derived of ethylene and 
vinyl alcohol, and ia also sometimes termed EVAL. The ethylene content n the copolymer is 
generally from 25 to 60 mol%, and in particular from 26 to 45 mol%, which ranges include 
alt values and subranges therebetween, including 30, 35, 40, 50, and 55 inc 1%. A wide 
variety of grades is commercially available- Mention may be made, for example, of the 
Kuraray EVAL Europe company publication "Introduction l6 Kuraray EVi^L™ Resins*, 
version 1 .2/981 , the entire contents of which are hereby incorporated by re: ference. 

One embodiment of the composite of the invention, having two or more layers, is a 
tube* a filler pipe, or a container, in particular for conducting or storing liqi ids or gases. A 
tube of this type may be of straight or corrugated design, or may merely ha re corrugated 
sections. Corrugated tubes are known and described ia e.g. US S ,460/771, the 

entire contents of which are hereby incorporated by reference * Especially preferable 
applications of composites of this type having two or more layers are their use as fuel piping, 
as filler pipes fbr tanks, as vapor lines (i.e. piping which conveys fuel vapors, e.g. ventilation 
piping), as fuel-pump piping, as coolant piping, as air^conditioner piping, o r as fuel 
containers. 

The composite of the invention, having two or more layers, may also be a flat 
composite, such as a film, for example a Sim for the packaging of food or drink, utilizing the 
barrier action of the EVOH for gases, e.g. oxygen and carbons dioxide. 

When the composite of the invention, having two or more layers, is used for carrying 
or storing combustible liquids, gases or dusts, e.g. fuel or fuel vapors, it is preferable for one 
of the layers of the composite, or an additional internal layer, to be rendered electrically 
conductive. This may be achieved by compounding with an electrically cor ductiye additive 
by any of the known methods. Examples of conductive additijves which may be used are 
conductivity black, metal flakes, metal powders, metallized glass beads, mci allize d glass 
fibers, metal fibers (such as those made torn stainless steel), metallized whiskers, carbon 
fibers (including metallized carbon fibers), intrinsically conductive polymers, or graphite 
fibrils. It is also possible to use mixtures of various conductive additives. 

In the preferred case, the electrically conductive layer ia in direct contact with tie 
medium to be conveyed or to be held, and its surface resistivity is not more than 1Q* 



-17- 



10 



is 



20 



125 



;30 



Q/square. The test method for determining resistance in pipes having two or mare layers is 
explained in SAB J 2260 (November 1996, paragraph 7.9) p the entire contests of which are 
hereby incorporated by reference. 

If the composite of the invention, having two or more ^layers* is iicsi jned as a hollow 
article or hollow profile (e.g. tube) thi$ may also have an additional outer elastomer coating. 
Suitable materials for the outer coating process are either crosslinking rubber compositions or 
else thermoplastic elastomers. The outer coating may be applied, either with or without the 
use of aa additional adhesion promoter, to the composite having two or mor c layers, for 
example by way of extrusion via a crosshead die, or by passing a prefabrica ed elastomer 
hose over the finished extruded tube having two or more layers. The thicku sss of the outer 
coating is generally from 0, 1 to 4 mm, preferably from 0.2 to 3 m™, which ranges include all 
values and subranges therebetween, including 0.3, 0>4, 0.5, 0.8, 1, 1.1, 1.5, 2, 2.1, 2.5, and 3.5 
mm. 

Examples of suitable elastomers are chloroprene rubber, ethylenepropylene rubber 
(EPM), ethylenenpropyleae-diene rubber (EFDM), epichlorohydrin rubber (ECO), 
chlorinated polyethylene, aciylate rubber, ohlorosulfbnatad polyethylene, silicone rubber, 
plasticized PVC, palyethercsteramides and polyetheramides- 

The composite having two or more layers may be manufactured in one or more 
stages, for example by single-stage processes using multicomponent injection molding or 
cocxtrusion or coartrusion blow molding (including, for example, 3D blow molding, parison 
extrusion into the open half of a mold, 31> parison manipulation, auction bio Jr molding, 3D 
suction blow molding, or sequential blow molding), or by processes having ti vo or more 
Stages, e.g. as described in US 5,554,425, the entire contents of which are h ateby 
incorporated by reference. 



EXAMPLBS 

Having generally described this invention, a farther understanding can 
reference to certain specific examples which are provided herein fbr purposes 
only and are not intended to be limiting unless otherwise specified 

The following components and molding compositions were used in the 
VESTAMID* X7293, a plasticized and impart-mbdified 



be obtained by 
of illustration 



extrusion 
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exatnplea: 
molding 



T: 



il' 



VESTAMED® ZA7295, 



ULTRAMID® B4, 
ULTRAM1D® B5 
VESTAMED^ D22, 
EVAL^PlOa, 



composition based onPA12 from De£ussa AG, 
Dusseldorf 

an extrusion molding composition mz de from PA12 
from Dcgussa AG, Dusseldorf 
a PA6 from BASF AG 3 Ludwigshafe| 
a PA6 from BASF AG, Ludwigshafcxi 



EXXELOR^VAISOS, 



a high-vtscoaity PA612 from Degqssa AG t Dusseldorf 
an EVOH from KURARAY, having 32 mol% of 
ethylene 

a maleic-anbydrid^ftmctionali2ed etk ylene-propylene 
rubber from EXXON 
Polyethyleneimme-PA6 copolymer. 

4.78 kg of caprolactam were melted in a heating vessel at from 180 to 210°C, and 
transferred to a pressure-tight polycondcnsation vessel. 250 ml of water and 57 ppm of 
hypophosphorous acid were then added. Caprolactam cleavage was carriec out at 280 d C 
under autogenic pressure. The pressure was then reduced within a period of 3 h to a residual 
water vapor pressure of 3 bar, and 230 g of polyethyleneimine (LUPASOL® G 100, BASF 
AG, Ludwigshsfen) w«e added. The pressure was then reduced to atmosp ieric pressure, 
and polycondensation took place at 250°C for 2 h, under a stream of nitrogen* The clear melt 
was discharged as extrudate through a melt pump, cooled in a water bath, and then palletized. 
The resultant copolymer had a polyetbyleaeimine fraction of 4.5% by weig it and a PA6 
fraction of 95.5% by weight. 



A Bcrstorff ZE 25 twin-screw extruder was used to prepare an i 
35.3% by weight of VESTAJVOD* D22, 48.1 % by weight of ULTRAMID® 
weight of the poIyethylencimipe-PA6 copolymer, and 5.4% by weight 
VA1803 at 280°C, and the mixture was extruded, palletized and dried. 

This mixture was used to coextrude a four-layer tube with external 
and total wall thickness 1 mm, the specific layer configuration being as fbllbws 

Outer layer (0.3 mm) made from & plasticized; i 

extrusion molding composition, 



jimpact-imodiied 



l intnejate mixture of 
B5W,10.7%by 
of EXXELOR® 

diameter 8 mm 

PA612 
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2nd layer (0.1 mm) made from the mixture prepared at the outset, 

3rd layer (0. i 5 mm) made from BVAL® F104 a 

Inner layer {0.45 mm) made from a plasticizedi impact-modified PA6 molding 

composition. 

Permanent adhesion was achieved at all of the phase boundaries heis. 

Comparative exair^ple 1- 

A three-layer tube was coextruded an4 differed ftom the tube of example 1 only in 
mat the 2nd layer made fruta the mixture prepared at the start in example 1 was omitted, with 
a resultant change in the thickness of the outer layer. The layer configuration of the tube was 
therefore as follows: 

Outer layer (0.4 mm) plasticized, impact-modified PA612 extrusion molding 

composition, 

Middle layer (0.15 mm) EVAL® F101, 

Inner layer (0.45 mm) plastioized, impact-modified PA6 molding composition, 

No adhesion was achieved here between outer layer and middle layer. 

Example 2z 

A BerstorfT ZE 25 twin-screw extruder was used to prepare, at 320°C, an intimate 
mixture of 8.1 kg of VESTAMID* ZA 7295 and 9.0 kg ofULTRAMlD* B4; and the mixture 
was extruded, pelletteed and driei There was observed here to be some extent of 
tmnsamidation reactions leading to block copolymers. 

This mixture was used to coextrude a four-layer tube with external diameter S mm 
and total wall thickness 1 mm, the specific layer configuration being as follows: 

Outer layer (0.3 mm) made frran VESTAMID^X7293, 

2nd layer (0.1 mm) made from the mixtui* prepared at the outset, 

3rd layer (0.15 mm) madeftoraEVAL^FlOl, 

Inner layer (0.45 mm) made from a plasticized, impact-modified PA6 molding 

composition, 

Permanent adhesion was achieved at all of the phase boundaries here. 
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QggpagatbM example 2: 

A three-layer tub© was poextrudcd and differed from the tube of example 2 only in 
that the 2nd lay er made from the mixture prepared at the start m example 1 was omitted, with ■ 
a resultant change in the thickness of the outer layer. The layer configuration of the tube was 
therefore as follows: . 

Outer layer (0.4 mm) made from VBSTAMLD® X7293, 

Middle layer (0.15 mm) made from EVAL* F10I, 

Inner layer (0.45 mm) made from a pfesticized,: impact-modified PA6 molding 

composition. 

No adhesion was achieved here between outer layer add middle layer. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of rhe above teachings. It is therefore to be understood that j within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 

This application is based on German patent application DE 100 64 333,7, filed 
December 21, 2000, the entire contents of which being hereby .incorporated by reference, 
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